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Abstract 
7KLVSDSHU IRFXVHVRQ WKHFRUUHODWLRQEHWZHHQSURFHVVTXDQWLWLHVRIDQH[WHUQDOF\OLQGULFDOJULQGLQJSURFHVV KHDWSDUWLWLRQ IDFWRUİ VSHFLILF
JULQGLQJHQHUJ\SDUWLWLRQXZWUDQVSRUWHGWRWKHZRUNSLHFHVSHFLILFJULQGLQJSRZHU3FƎDQGUHVXOWLQJVXUIDFHDQGVXEVXUIDFHSURSHUWLHVRIWKH
JURXQGZRUNSLHFH,QRUGHUWRLGHQWLI\WKLVFRUUHODWLRQH[SHULPHQWDOLQYHVWLJDWLRQVZHUHFDUULHGRXWDQGWKHPD[LPXPFRQWDFW]RQHWHPSHUDWXUH
7PD[ZDVPHDVXUHGE\XVLQJDJULQGLQJZKHHOLQWHJUDWHG WHPSHUDWXUHPHDVXUHPHQW V\VWHP7KH UHVXOWLQJ VXUIDFH OD\HUSURSHUWLHVDUH OLQNHG
ZLWKWKHSURFHVVTXDQWLWLHVE\PHDQVRIWKHUHJUHVVLRQDQDO\VLVFRPELQHGZLWKDQDO\WLFDOFRQVLGHUDWLRQVXVLQJWKHPRYLQJKHDWVRXUFHWKHRU\
7KHUHVXOWVPD\FRQWULEXWHWRSUHGLFWUHVXOWLQJVXUIDFHDQGVXEVXUIDFHSURSHUWLHVRIJURXQGZRUNSLHFHVZLWKRXWGHWDLOHGSULRUNQRZOHGJHDERXW
WKHUPDODQGPHFKDQLFDOORDGVFDXVHGE\WKHJULQGLQJSURFHVV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH³WK&RQIHUHQFHRQ0RGHOOLQJRI0DFKLQLQJ2SHUDWLRQV´
.H\ZRUGV*ULQGLQJ(QHUJ\7KHUPDOHIIHFWV5HVLGXDOVWUHVV6XUIDFHLQWHJULW\
1. Introduction 
,Q WKH SURGXFWLRQ RI VWHHO SDUWV D ORW RI HIIRUW LV VSHQW WR
HQVXUH WKHLUGHVLUHGIXQFWLRQDOEHKDYLRUDWPLQLPXPPDWHULDO
DQG SURGXFWLRQ FRVWV 7KLV FRPHV DORQJ ZLWK FRQWLQXRXVO\
LQFUHDVLQJ UHTXLUHPHQWV RQ WKH VXUIDFH DQG VXEVXUIDFH
SURSHUWLHVRIPDFKLQHGSDUWVZKLFKDUHSULPDULO\GHWHUPLQHG
E\WKHILQLVKLQJSURFHVV>@
,Q WRGD\¶V LQGXVWULDO PDQXIDFWXULQJ PRVW RI WKH SUHFLVH
IXQFWLRQDO VXUIDFHV DUH ILQLVKHGE\JULQGLQJSURFHVVHV7KHVH
SURFHVVHV DUH FKDUDFWHUL]HG E\ D FRPSDUDWLYHO\ KLJK VSHFLILF
HQHUJ\ ZKLFK PD\ DIIHFW WKH IXQFWLRQDO VXUIDFH LQ GLYHUVH
ZD\V >@ )RU H[DPSOH SURFHVV VWUDWHJLHV GHVFULEHG LQ >@
OHDGWRPHFKDQLFDOO\LQGXFHGFRPSUHVVLYHUHVLGXDOVWUHVVHVDW
WKH ZRUNSLHFH VXUIDFH 2Q WKH RSSRVLWH DQ H[FHVVLYH KHDW
JHQHUDWLRQ GXULQJ JULQGLQJ VXSSUHVVHV WKLV PHFKDQLFDO HIIHFW
DQG FDXVHV WKHUPDOO\ LQGXFHG FKDQJHV WR RFFXU WHQVLOH
UHVLGXDO VWUHVVHV WHPSHUHG ]RQHV HWF >@ 'XH WR YHU\
FRPSOH[ LQWHUDFWLRQV WKDW GHWHUPLQH WKH UHVXOW RI D JULQGLQJ
SURFHVV WKH GHVLUHG ZRUNSLHFH VXUIDFH DQG VXEVXUIDFH
SURSHUWLHV FDQ RQO\ EH DFKLHYHG E\ FRVWO\ H[SHULPHQWDO
LQYHVWLJDWLRQVXVLQJVSHFLILFODERUDWRU\HTXLSPHQW>@
7KLV SDSHU SUHVHQWV DQ DQDO\VLV RI H[WHUQDO F\OLQGULFDO
JULQGLQJ H[SHULPHQWV SHUIRUPHG DW WKH ,:7 %DVHG RQ WKH
DSSOLFDWLRQRIPXOWLSOHOLQHDUUHJUHVVLRQDQDO\VLVWRJHWKHUZLWK
DVVXPSWLRQV RI WKH PRYLQJ KHDW VRXUFH WKHRU\ >@ WKH
VSHFLILF JULQGLQJ HQHUJ\ SDUWLWLRQ XZ WUDQVSRUWHG WR WKH
ZRUNSLHFHDQGWKHVXEVHTXHQWVXUIDFHUHVLGXDOVWUHVVHVı5(6LQ
WKHGLUHFWLRQRIWKHFXWWLQJVSHHGUHIHUUHGWRDVWKHWDQJHQWLDO
VXUIDFH UHVLGXDO VWUHVVHV DUH FDOFXODWHG DQG SORWWHG LQ VR
FDOOHG3FƎ ±ǻW GLDJUDP ,Q FRPELQDWLRQ ZLWK WKH UHJUHVVLRQ
PRGHO IRU ı5(6 WKLV GLDJUDP LV VRXJKW WR LGHQWLI\ D UHOLDEOH
JULQGLQJ SURFHVV OD\RXW DW UHGXFHG HIIRUWV ZLWKRXW DGGLWLRQDO
PHDVXUHPHQW RI JULQGLQJ IRUFHV DQG WHPSHUDWXUHV
)XUWKHUPRUH WKH NQRZOHGJH RI XZ KHOSV WR XQGHUVWDQG WKH
LPSDFWRI LQYHVWLJDWHGSURFHVVTXDQWLWLHV RQ UHVXOWLQJ VXUIDFH
OD\HUSURSHUWLHV
2. State of the art 
$ ORW RI VFLHQWLILF ZRUN KDV EHHQ GHYRWHG WR GHVFULEH
UHVXOWLQJ VXUIDFH DQG VXEVXUIDFH SURSHUWLHV RI WKH JURXQG
ZRUNSLHFHDVDIXQFWLRQRIPDFKLQLQJSDUDPHWHUVDQGSURFHVV
TXDQWLWLHV7KLVVFLHQWLILFZRUNKDVVRIDUEHHQIRFXVHGPDLQO\
RQWKHSUHGLFWLRQRIZRUNSLHFHWKHUPDOGDPDJH,WZDVVKRZQ
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WKDW WKHUPDOO\ LQGXFHG FKDQJHV RI ZRUNSLHFH VXUIDFH DQG
VXEVXUIDFH SURSHUWLHV XVXDOO\ RFFXU LQ FRQQHFWLRQ ZLWK
VLJQLILFDQW FKDQJHV RI SURFHVV TXDQWLWLHV HVSHFLDOO\ FRQWDFW
]RQH WHPSHUDWXUHV >@ 7KLV FRQVHTXHQWO\ OHG WR WKH
LGHQWLILFDWLRQ RI WHPSHUDWXUH OLPLWV VXFK DV WKH WUDQVLWLRQDO
WHPSHUDWXUH FRUUHVSRQGLQJ WR WKH RQVHW RI WKH JHQHUDWLRQ RI
WHQVLOH UHVLGXDO VWUHVVHV DFFRUGLQJ WR >@ RU WKH $F
WHPSHUDWXUH FRUUHVSRQGLQJ WR DXVWHQLWH IRUPDWLRQ ZLWKLQ WKH
VXUIDFHOD\HURIWKHZRUNSLHFH>@

Nomenclature
3F >:@ *ULQGLQJSRZHU
3FƎ >:PP@ 6SHFLILFJULQGLQJSRZHU
4.66 >OPLQ@ *ULQGLQJIOXLGIORZUDWH
4Z >PPV@ 0DWHULDOUHPRYDOUDWH
5 >@ &RHIILFLHQWRIGHWHUPLQDWLRQ
7 >&@ ,QLWLDOZRUNSLHFHWHPSHUDWXUH
7PD[ >&@ 0D[LPXPFRQWDFW]RQHWHPSHUDWXUH
8G >@ 'UHVVLQJRYHUODSUDWLR
ǻW >V@ &RQWDFWWLPH
Į >PPV@ :RUNSLHFHWKHUPDOGLIIXVLYLW\
İ >@ +HDWSDUWLWLRQIDFWRU
ı5(6 >03D@ 7DQJHQWLDOUHVLGXDOVWUHVV
DWWKHZRUNSLHFHVXUIDFH
DH >PP@ 'HSWKRIFXW
EG >PP@ $FWLYHIRUPUROOHUZLGWK
EZ >PP@ :RUNSLHFHZLGWK
GZ >PP@ ([WHUQDOZRUNSLHFHGLDPHWHU
N >:PP·.@ :RUNSLHFHWKHUPDOFRQGXFWLYLW\
OJ >PP@ *HRPHWULFDOFRQWDFWOHQJWK
X >-PP@ 6SHFLILFJULQGLQJHQHUJ\
XZ >-PP@ 6SHFLILFJULQGLQJHQHUJ\
SDUWLWLRQWUDQVSRUWHGWRWKHZRUNSLHFH
YF >PV@ &XWWLQJVSHHG
YIU >PPPLQ@ 5DGLDOIHHGVSHHG
YIW >PPPLQ@ 7DQJHQWLDOIHHGVSHHG
$V LW ZDV VKRZQ LQ >@ UHVXOWLQJ VXUIDFH DQG
VXEVXUIDFHSURSHUWLHVDIWHUJULQGLQJDOVRVLJQLILFDQWO\GHSHQG
RQ WKH FRQWDFW WLPH ǻW WKDW WKH LQYHVWLJDWHG ORFDWLRQ DW WKH
JURXQGZRUNSLHFH VXUIDFH QHHGV WRSDVV WKURXJK WKHPRYLQJ
FRQWDFW]RQHZKLFKFDQEHVHHQDVDPRYLQJKHDWVRXUFH
߂ݐ ൌ ݈௚ݒ௙௧

%\ YDU\LQJ ǻW WKH DPRXQW RI KHDW GLVVLSDWHG E\ WKH
ZRUNSLHFH YDULHV DV ZHOO ZKLFK OHDGV WR GLIIHUHQW PDWHULDO
PRGLILFDWLRQV7KHLQIOXHQFHRIǻWRQWKHUHVXOWLQJVXUIDFHDQG
VXEVXUIDFHSURSHUWLHVRIWKHJURXQGZRUNSLHFHFDQSDUWLDOO\EH
HVWLPDWHG DFFRUGLQJ WR WLPHWHPSHUDWXUH GLDJUDPV DQG
WHPSHULQJ FXUYHV NQRZQ IURP WKH FRQYHQWLRQDO KHDW
WUHDWPHQW +RZHYHU WKH UHOLDELOLW\ RI VXFK HVWLPDWLRQV LV
OLPLWHG GXH WR H[WUHPHO\ VKRUW FRQWDFW WLPHV LH VKRUW KHDW
WUHDWPHQW WLPHV WKDW DUH W\SLFDO IRU FRQYHQWLRQDO JULQGLQJ
RSHUDWLRQV>@
,Q RUGHU WR HQDEOH D UHOLDEOH SUHGLFWLRQ RI UHVXOWLQJ
ZRUNSLHFHVXUIDFHDQGVXEVXUIDFHSURSHUWLHVDIWHUJULQGLQJDQ
H[SHULPHQWDOO\ EDVHG DSSURDFK KDV EHHQ SURSRVHG E\
FRQVLGHULQJ WKHJULQGLQJSURFHVVDVVKRUWWLPHKHDW WUHDWPHQW
>@ 6LPLODUO\ WR WLPHWHPSHUDWXUH GLDJUDPV NQRZQ IURP
FRQYHQWLRQDOKHDW WUHDWPHQW WKLVDSSURDFK OLQNV WKHUHVXOWLQJ
VXUIDFH OD\HU VWDWH WR WKH FRPELQDWLRQ RI JULQGLQJ
WHPSHUDWXUHV DQG FRUUHVSRQGLQJ YDOXHV RIǻW 7KH QHFHVVDU\
GDWDEDVLVZDVDFTXLUHGGXULQJH[WHQVLYHH[WHUQDOF\OLQGULFDO
JULQGLQJ H[SHULPHQWV ZKLFK DUH GHVFULEHG LQ GHWDLO LQ >@
7KH XVHG H[SHULPHQWDO VHWXS LV GHSLFWHG LQ )LJ  7R
LQYHVWLJDWH WKH LQIOXHQFH RI YDU\LQJ WKHUPDO ORDGV DORQJ WKH
ZRUNSLHFH FLUFXPIHUHQFH WKH GHSWK RI FXW DH ZDV
FRQWLQXRXVO\ LQFUHDVHG XS WR LWVPD[LPXP YDOXH GXULQJ RQH
VLQJOH ZRUNSLHFH UHYROXWLRQ 7KH WUDQVLHQW ZRUNSLHFH
WHPSHUDWXUH ILHOG QHDU WKH JURXQG VXUIDFH ZDV HYDOXDWHG E\
XVLQJDQLQIUDUHGWHPSHUDWXUHPHDVXUHPHQWV\VWHPZLWKLQWKH
JULQGLQJ WRRO GHWHFWLQJ WKH PD[LPXP WHPSHUDWXUH YDOXH
UHIHUUHG WR DV WKHPD[LPXP FRQWDFW ]RQH WHPSHUDWXUH 7PD[
GXULQJHDFKJULQGLQJZKHHOUHYROXWLRQ$GGLWLRQDOO\JULQGLQJ
IRUFHVDQGWKHJULQGLQJSRZHUZHUHPHDVXUHG
)LJ([SHULPHQWDOVHWXSWRPHDVXUH7PD[>@
*URXQG ZRUNSLHFHV ZHUH DQDO\]HG E\ XVLQJ %DUNKDXVHQ
QRLVH PHDVXUHPHQWV ;UD\ GLIIUDFWLRQ PHWDOORJUDSKLF
LQYHVWLJDWLRQV DQG KDUGQHVV PHDVXUHPHQWV 7KH UHVXOWLQJ
ZRUNSLHFHVXUIDFHDQGVXEVXUIDFHSURSHUWLHVDUHVKRZQLQWKH
GHYHORSHG 7PD[ ± ǻW GLDJUDP )LJ  ,Q FRPSDULVRQ ZLWK
>@ WKLV GLDJUDP LQFOXGHV DGGLWLRQDO UHVXOWV IURP UHFHQW
H[SHULPHQWV SHUIRUPHG ZLWK KLJK FRQWDFW ]RQH WHPSHUDWXUHV
DQGVKRUWFRQWDFWWLPHV
$V LW FDQ EH VHHQ LQ )LJ  VSHFLILF DUHDV RI7PD[ DQGǻW
YDOXHV FDQ EH LGHQWLILHG OHDGLQJ WR FRPSDUDEOH ZRUNSLHFH
VXUIDFH DQG VXEVXUIDFH SURSHUWLHV )RU VKRUWHU FRQWDFW WLPHV
EHORZ  V DQG WHPSHUDWXUHV DERYH  & WHQVLOH
WDQJHQWLDOUHVLGXDOVWUHVVHVı5(6DWWKHZRUNSLHFHVXUIDFHZHUH
GHWHFWHG%\LQFUHDVLQJYDOXHVRI7PD[WKLVLVIROORZHGE\WKH
RQVHWRIWHPSHUHG]RQHV7PD[DERYH&DQGUHKDUGHQHG
]RQHV7PD[DERYH&
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7KHVKRZQH[SHULPHQWDOUHVXOWVLQGLFDWHWKDWWKHZRUNSLHFH
WKHUPDOGDPDJHLQFUHDVHVZLWKKLJKHUYDOXHVRI7PD[WRJHWKHU
ZLWKORZYDOXHVRIǻW7KHUHODWLRQRIǻWDQG7PD[WRWKHRQVHW
RI YDULRXV ZRUNSLHFH PDWHULDO UHVSRQVHV WR WKHUPDO DQG
PHFKDQLFDO ORDG GXULQJ JULQGLQJ UHPDLQV QRW FOHDU DQG
UHTXLUHV IXUWKHU DQDO\VLV ,Q RUGHU WR FRQWULEXWH WR WKH
XQGHUVWDQGLQJRIWKLVUHODWLRQDQDQDO\VLVRIWKHUHVXOWVVKRZQ
LQ)LJE\LQYHVWLJDWLQJKHDWSDUWLWLRQLQJGXULQJWKHJULQGLQJ
SURFHVVLVSUHVHQWHGLQWKHIROORZLQJVHFWLRQV
)LJ7PD[±ǻWGLDJUDPIRU0Q&U9DIWHU>@
3. Research approach and procedures 
7KH REMHFWLYH RI WKLV SDSHU LV WR SUHVHQW D FRPELQHG
H[SHULPHQWDO DQG DQDO\WLFDO LQYHVWLJDWLRQ RI WKH H[WHUQDO
F\OLQGULFDO JULQGLQJ SURFHVV SURFHVV OD\RXW GHSLFWHG LQ )LJ
7KLV LQYHVWLJDWLRQVKDOO FRQWULEXWH WR WKH LGHQWLILFDWLRQRI
SRVVLEOHSK\VLFDOO\EDVHGPHFKDQLVPVH[SODLQLQJWKHUHODWLRQ
EHWZHHQ 7PD[ ǻW DQG ı5(6 )XUWKHU D WRRO LQ WKH IRUP RI D
3FƎ±ǻWGLDJUDPFRPELQHGZLWKDSSUR[LPDWLRQRIWKHVSHFLILF
HQHUJ\ SDUWLWLRQ XZ WUDQVSRUWHG WR WKH ZRUNSLHFH DQG ı5(6
DSSOLFDEOH LQ PDQXIDFWXULQJ ZLOO EH GHYHORSHG 7KH VRXJKW
3FƎ±ǻWGLDJUDPVKRXOGFRQWDLQWKHLQIRUPDWLRQDERXWHQHUJ\
SDUWLWLRQLQJ GXULQJ JULQGLQJ FRPELQHG ZLWK VXEVHTXHQW
WDQJHQWLDOUHVLGXDOVWUHVVHVDWWKHZRUNSLHFHVXUIDFH
7KH LQWHQGHG DQDO\VLV LV EDVHG RQ H[SHULPHQWDO UHVXOWV
SUHVHQWHG LQ GHWDLO LQ >@ 7KH H[SHULPHQWDOO\ LQYHVWLJDWHG
SDUDPHWHUVUHIHUWRGLIIHUHQWVWDJHVLQWKHFDXVDOVHTXHQFHRID
JULQGLQJSURFHVVZKLFKLVGHSLFWHGLQ)LJ6LQFHWKHJHQHUDO
SK\VLFDO UHODWLRQV EHWZHHQ PDFKLQLQJ SDUDPHWHUV SURFHVV
TXDQWLWLHV VXEVHTXHQW LQWHUQDO PDWHULDO ORDG DQG UHVXOWLQJ
VXUIDFH DQG VXEVXUIDFH SURSHUWLHV DUH VR IDU XQNQRZQ D
UHJUHVVLRQ DQDO\VLV ZDV SHUIRUPHG WR DSSUR[LPDWH WKHVH
UHODWLRQV E\ XVLQJ DGHTXDWH UHJUHVVLRQ PRGHOV )RU WKH
SXUSRVH RI WKH VRXJKW SUDFWLFDO WRRO HQDEOLQJ D PRUH H[DFW
GHILQLWLRQRIWKHUPDOOLPLWVGXULQJJULQGLQJDQDSSUR[LPDWLRQ
RIı5(6KDV WREH LGHQWLILHG WRJHWKHUZLWK WKH VSHFLILFHQHUJ\
SDUWLWLRQXZWUDQVSRUWHGWRWKHZRUNSLHFHZKLFKFRUUHVSRQGVWR
WKHKHDWSDUWLWLRQIDFWRUİDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ
ݑ௪ ൌ ߝ ȉ ݑ ൌ ߝ ȉ ௖ܲܳ௪ 
)LJ([SHULPHQWDOO\LQYHVWLJDWHGSDUDPHWHUVDQGWKHLUUHODWLRQWRWKHFDXVDO
VHTXHQFHRIWKHJULQGLQJSURFHVVDIWHU>@
,Q RUGHU WR DSSUR[LPDWH YDOXHV RI İ DQG XZE\ XVLQJ WKH
YDULDEOHVGHSLFWHGLQ)LJUHJUHVVLRQPRGHOVRIWKHWKLUGDQG
IRXUWK RUGHU ZRXOG KDYH EHHQ QHFHVVDU\ +RZHYHU VXFK
PRGHOVEHKDYHTXLWHXQVWDEOHHVSHFLDOO\LIWKHYDOXHVRILQSXW
YDULDEOHV DUH ORFDWHG QHDU WKH ERXQGDULHV RI LQYHVWLJDWHG
LQWHUYDOV7KHUHIRUHİDQGXZZLOOEHFDOFXODWHGIURP7PD[E\
FRQVLGHULQJFRQFOXVLRQVRIWKHPRYLQJKHDWVRXUFHWKHRU\>@
7KLVFRQVHTXHQWO\UHTXLUHVDQDGGLWLRQDOUHJUHVVLRQPRGHOIRU
7PD[EDVHGRQNQRZQPDFKLQLQJSDUDPHWHUVDQG3FZKLFKFDQ
EH PHDVXUHG E\ VLPSOH PHDQV $SDUW IURP İ DQG XZ WKLV
UHJUHVVLRQ PRGHO LV DOVR DSSOLHG WR LGHQWLI\ WKH IROORZLQJ
UHJUHVVLRQPRGHO IRUı5(6DVVHHQ LQ WKHSURFHGXUHRYHUYLHZ
GHSLFWHGLQ)LJ
)LJ3URFHGXUHWRLQYHVWLJDWHSURFHVVTXDQWLWLHVDQGUHVXOWLQJVXUIDFHDQG
VXEVXUIDFHSURSHUWLHVRIWKHJURXQGZRUNSLHFHV
)LQDOO\WKHFDOFXODWHGYDOXHVRIXZDQGSUHGLFWHGYDOXHVRI
ı5(6ZHUHSORWWHGLQWKH3FƎ±ǻWGLDJUDPODVWVWHSLQ)LJ
,I FRPELQHG ZLWK WKLV GLDJUDP WKH UHJUHVVLRQ PRGHOV
PHQWLRQHGDERYHVKRXOGHQDEOHWRSUHGLFWı5(6IRUWKHSXUSRVH
RI SURFHVV RSWLPL]DWLRQ E\ XVLQJ NQRZQ PDFKLQLQJ
SDUDPHWHUVDQGSURFHVVTXDQWLWLHVZLWKRXWWKHPHDVXUHPHQWRI
FRQWDFW ]RQH WHPSHUDWXUHV DQG UHVLGXDO VWUHVVHV 7KLV
NQRZOHGJHLVOLQNHGZLWKİDQGXZWRXQGHUVWDQGWKHLPSDFWRI
HQHUJ\ SDUWLWLRQLQJ GXULQJ JULQGLQJ RQ UHVXOWLQJ VXUIDFH DQG
VXEVXUIDFHSURSHUWLHVRIWKHZRUNSLHFH+RZHYHULWKDVWREH
PHQWLRQHGWKDWWKHUHVXOWVRIWKLVDQDO\VLVUHIHUWRWKHSURFHVV
OD\RXWGHSLFWHGLQ)LJ&KDQJLQJHJGUHVVLQJDQGFRROLQJ
FRQGLWLRQVRU WKH JULQGLQJZKHHO VSHFLILFDWLRQZRXOG UHTXLUH
DGGLWLRQDOH[SHULPHQWVE\XVLQJWKHWHPSHUDWXUHPHDVXUHPHQW
V\VWHPPHQWLRQHGDERYH
%DVHGRQVXGGHQDQGXQVWHDG\GHFUHDVHRIUHVLGXDOVWUHVVHV
FRUUHVSRQGLQJWRWKHJHQHUDWLRQRIUHKDUGHQHG]RQHV)LJ
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ERWK UHJUHVVLRQ PRGHOV IRU 7PD[ DQG ı5(6 ZHUH UHVWULFWHG WR
WHPSHUDWXUHV EHORZ WKH WKUHVKROG RI UHKDUGHQLQJ DUHD
&
 ,GHQWLILFDWLRQRIWKHUHJUHVVLRQPRGHOVIRU7PD[DQGı5(6
7R DSSUR[LPDWH 7PD[ DQG ı5(6 E\ DSSURSULDWH SRO\QRPLDO
UHJUHVVLRQIXQFWLRQVLQGLYLGXDOLQSXWYDULDEOHVZHUHVWHSZLVH
DGGHGWRWKHPRGHOIROORZHGE\WKHLULQWHUDFWLRQVDQGKLJKHU
RUGHUWHUPV%\XVLQJWKHVRIWZDUH-03LWZDVSRVVLEOHWR
FKHFNWKHDGHTXDF\RIHDFKFRPELQDWLRQRIWKHLQSXWYDULDEOHV
DFFRUGLQJWR>@7KLVZDVGRQHLQIROORZLQJVWHSV
x FDOFXODWLQJWKHFRHIILFLHQWRIGHWHUPLQDWLRQ5
x FKHFNLQJWKHVLJQLILFDQFHRIWKHZKROHUHJUHVVLRQPRGHODV
ZHOODVRIWKHLQGLYLGXDOYDULDEOHVDQGWKHLULQWHUDFWLRQV
x FRPSDULQJ WKH SUREDELOLW\ GLVWULEXWLRQ RI ILW HUURUV
UHVLGXDOV ZLWK WKH QRUPDO SUREDELOLW\ GLVWULEXWLRQ
6KDSLUR:LONWHVW
x FKHFNLQJ WKH GLVWULEXWLRQ RI UHVLGXDOV RYHU WLPH DQG RYHU
SUHGLFWHGYDOXHVRI7PD[DQGı5(6
x FKHFNLQJ WKH DXWRFRUUHODWLRQ RI UHVLGXDOV 'XUELQ:DWVRQ
WHVW
x FKHFNLQJ WKH FRUUHODWLRQ RI WKH LQGLYLGXDO HVWLPDWHV RI
UHJUHVVLRQFRHIILFLHQWV
$IWHUFDOFXODWLQJWKHYDOXHRI5DVHTXHQFHRIVWDWLVWLFDO
WHVWVZDVSHUIRUPHGWRYHULI\WKHDVVXPSWLRQVRIWKHPXOWLSOH
OLQHDU UHJUHVVLRQ DQDO\VLV >@ 7KH GHVFULEHG VHTXHQFH ZDV
UHSHDWHGE\DGGLQJIXUWKHUWHUPVXQWLOWKHYDOXHRI5UHDFKHG
LWVPD[LPXP
6LQFHWKHLQWHUDFWLRQVRILQSXWYDULDEOHVZHUHFRUUHODWHGWR
WKHLULQGLYLGXDOYDOXHVDVLPSOHWUDQVIRUPDWLRQE\VXEWUDFWLQJ
WKHFRUUHVSRQGLQJPHDQYDOXHZDVDSSOLHGWRDYRLGDSRVVLEOH
GHYLDWLRQRIFRUUHVSRQGLQJUHJUHVVRUHVWLPDWHV
 &DOFXODWLRQRIİDQGXZ
7KH FDOFXODWLRQV RI İ DQG XZ DUH EDVHG RQ WKH IROORZLQJ
DQDO\WLFDO H[SUHVVLRQ IRU 7PD[ DFFRUGLQJ WR WKH DQDO\WLFDO
PRGHOIURP&DUVODZDQG-DHJHU>@
௠ܶ௔௫ െ ଴ܶ ൌ
ͳǡͲ͸ ȉ ߝ ȉ ௖ܲ
ܾ௪ ȉ ݇ ȉ ඨ
ߙ
݈௚ ȉ ݒ௙௧ 

,Q WKLV HTXDWLRQ D OLQHDUO\ LQFUHDVLQJ GLVWULEXWLRQ RI WKH
KHDWIOX[WRWKHZRUNSLHFHDORQJWKHFRQWDFW]RQHLVDVVXPHG
DFFRUGLQJ WR >@ )XUWKHU WKH YDOXHV RI WKH ZRUNSLHFH
PDWHULDO WKHUPDO GLIIXVLYLW\ Į DQG WKH ZRUNSLHFH PDWHULDO
WKHUPDO FRQGXFWLYLW\ N DUH FRQVLGHUHG WR EH FRQVWDQW 6LQFH
WKH YDOXH RI 7PD[ ZDV DSSUR[LPDWHG E\ XVLQJ WKH UHJUHVVLRQ
PRGHO GHVFULEHG DERYH LW LV SRVVLEOH WR FDOFXODWH WKH
FRUUHVSRQGLQJYDOXHRIİIURPHTXDWLRQZKLFKOHDGVWRXZ
DVDSDUWLWLRQRIXWUDQVSRUWHGWRWKHZRUNSLHFH
4. Results and discussion 
 5HJUHVVLRQPRGHOIRU7PD[
,QRUGHU WR ILQG DQ DGHTXDWH DQG VLPSOH UHJUHVVLRQPRGHO
IRU7PD[WKHIROORZLQJYDULDEOHVZHUHFRQVLGHUHG
x WDQJHQWLDOIHHGVSHHGYIW
x JHRPHWULFDOFRQWDFWOHQJWKOJ
x JULQGLQJSRZHU3F
7KLVKDVOHGWRIROORZLQJUHJUHVVLRQPRGHOIRU7PD[
௠ܶ௔௫ ൌ ͶʹͷǤ͹ͻ ൅ ͲǤʹͶ ȉ ൫ݒ௙௧ െ ͻʹͳǤ͹͵൯ ൅ ͳͲʹǤͻͺ ȉ
ȉ ൫݈௚ െ ͶǤͶͺ൯ ൅ ͲǤͲ͸ ȉ ൫ݒ௙௧ െ ͻʹͳǤ͹͵൯ ȉ ൫݈௚ െ ͶǤͶͺ൯ ൅
൅ͺǤͶͺ ȉ ሺ ௖ܲ െ ͳǤͻͺሻଶ

6LJQLILFDQW UHJUHVVLRQ FRHIILFLHQWV WRJHWKHU ZLWK
ERXQGDULHV RI WKHLU FRQILGHQFH LQWHUYDOV GHQRWHG DV
ORZHU  DQG XSSHU  DQG FRUUHVSRQGLQJ VWDQGDUG
GHYLDWLRQVDUHVKRZQLQWDEOH
7DEOH3URSHUWLHVRIWKHUHJUHVVLRQPRGHOIRU7PD[
(IIHFW &RHIILFLHQW
HVWLPDWH
/RZHU

8SSHU

6WDQGDUG
GHYLDWLRQ
,QWHUFHSWLQ&    
YIWLQPPPLQ    
OJLQPP    
OJ· YIWLQPPPLQ    
3F· 3FLQN:    
7KH UHJUHVVLRQ PRGHO IRU 7PD[ LV FKDUDFWHUL]HG E\ LWV
GHWHUPLQDWLRQ FRHIILFLHQW 5    DQG HUURU  & RI
SUHGLFWHG7PD[YDOXHV
7KHIRUPRIWKHUHJUHVVLRQPRGHOSUHVHQWHGLQHTXDWLRQ
GHYLDWHV IURP SXUHO\ OLQHDU UHODWLRQ EHWZHHQ 7PD[ DQG
LQGLYLGXDO UHJUHVVLRQ FRHIILFLHQWV 7KLV ZDV H[SHFWHG ZLWK
UHJDUGWRQRQOLQHDUH[SUHVVLRQVLQHTXDWLRQ$QRWKHUIDFW
VHHQ KHUH LV WKDW WKH UHJUHVVLRQ PRGHO IRU 7PD[ GRHV QRW
LQFOXGHDQLQGLYLGXDOHIIHFWRIWKHFXWWLQJVSHHGYFZKLFKZDV
VRUWHG RXW DIWHU SHUIRUPLQJ VLJQLILFDQFH WHVWV GHVFULEHG LQ
FKDSWHU  7KLV LV PRVW SUREDEO\ GXH WR WKH HIIHFW RI 3F
ZKLFKDOUHDG\LQFOXGHVWKHHIIHFWRIYF
 5HVXOWLQJSORWVRIİDQGXZRYHU7PD[DQGǻW
%\ PHDQV RI WKH UHJUHVVLRQ PRGHO IRU 7PD[ DQG WKH
DQDO\WLFDOO\ EDVHG H[SUHVVLRQ  LW LV SRVVLEOH WR FDOFXODWH
DQGSORWYDOXHVRIİLQWKH7PD[±ǻWGLDJUDP&RPSDULQJWKHVH
YDOXHVDQGFRQVLGHULQJWKHLUORFDWLRQLQWKH7PD[±ǻWGLDJUDP
FRQVHTXHQWO\OHDGWRLGHQWLILFDWLRQRIGLIIHUHQWİDUHDVDVVHHQ
LQ )LJ  7KHVH DUHDV DUH SORWWHG WRJHWKHU ZLWK DUHDV RI
UHVLGXDOVWUHVVHVVKRZQEHIRUH)LJ
7KH ORFDWLRQRI İDUHDV VKRZQ LQ)LJ LQGLFDWHV WKDW İ LV
YDU\LQJ ZLWK ERWK 7PD[ DQG ǻW $FFRUGLQJ WR HDUOLHU
H[SHULPHQWDO LQYHVWLJDWLRQV RI HQHUJ\ SDUWLWLRQLQJ GXULQJ
JULQGLQJ >@ GHFUHDVLQJǻW FDXVHV WKH KHDW IOX[ WR DGYDQFH
WRZDUGVWKHJURXQGVXUIDFHZKLFKFRQVHTXHQWO\LQFUHDVHVWKH
DPRXQWRIKHDWWUDQVSRUWHGWRWKHZRUNSLHFH7KLVHIIHFWPD\
DOVREH VXSHULPSRVHGE\ WKH LPSDFW RI JULQGLQJ IOXLG/DUJH
YDOXHVRIOJFRPELQHGZLWKORZYDOXHVRIYIWFRUUHVSRQGLQJWR
FUHHSIHHG JULQGLQJ FRQGLWLRQV PD\ LQFUHDVH WKH SDUWLWLRQ RI
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JULQGLQJ KHDW WUDQVSRUWHG DZD\ E\ WKH JULQGLQJ IOXLG ZKLFK
OHDGV WR D VLJQLILFDQW GHFUHDVH RI İ >@ ,Q FRQWUDVW ORZHU OJ
WRJHWKHU ZLWK LQFUHDVLQJ YIW FRUUHVSRQGLQJ WR FRQYHQWLRQDO
VKDOORZFXWJULQGLQJPD\FDXVHKHDWWUDQVIHUE\JULQGLQJIOXLG
ZLWKLQ WKH FRQWDFW ]RQH WREH OHVV HIIHFWLYH&RQVHTXHQWO\ İ
LQFUHDVHV
)LJ$UHDVRIİLQ7PD[±ǻWGLDJUDP
$QRWKHU IDFW VHHQ LQ )LJ  LV WKDW İ VLJQLILFDQWO\ YDULHV
ZLWK YDU\LQJ 7PD[ IRU D FRQVWDQW ǻW 7KLV LQGLFDWHV WKDW WKH
HIIHFW RI YDU\LQJ ǻW LV PRVW SUREDEO\ VXSHULPSRVHG E\ DQ
DGGLWLRQDO SK\VLFDO SKHQRPHQRQ $W ORZHU FRQWDFW ]RQH
WHPSHUDWXUHVDUHDVRIVLPLODUİH[SDQGWRZDUGVORQJHUFRQWDFW
WLPHV 7KLV PD\ EH H[SODLQHG E\ WKH GHFUHDVLQJ DPRXQW RI
KHDWWUDQVSRUWHGDZD\E\JULQGLQJIOXLGZKLFKFRUUHVSRQGVWR
DGHFUHDVLQJGLIIHUHQFHEHWZHHQ7PD[ DQG WKH LQLWLDO JULQGLQJ
IOXLGWHPSHUDWXUH>@
$IWHU FDOFXODWLQJ WKH YDOXHV RI XZ E\ XVLQJ WKH HTXDWLRQV
 DQG  WKHVH ZHUH SORWWHG RYHU 7PD[ DQG ǻW )LJ 
6LPLODUO\ WR )LJ  WKUHH DUHDV RIXZYDOXHVZHUH LGHQWLILHG
&RQVLGHULQJ WKHVH DUHDV ZLWK UHJDUG WR UHVXOWLQJ UHVLGXDO
VWUHVVHV LQGLFDWHV WKDW WKH VDPH DPRXQW RI VSHFLILF JULQGLQJ
HQHUJ\PD\FDXVHGLIIHUHQWPDWHULDOPRGLILFDWLRQV
)LJ$UHDVRIXZLQ7PD[±ǻWGLDJUDP
,Q FRPELQDWLRQ ZLWK VKRUW FRQWDFW WLPHV JULQGLQJ KHDW
WUDQVSRUWHG WR WKH ZRUNSLHFH FDQQRW EH FRQGXFWHG DZD\
VXIILFLHQWO\ HQRXJK 7KLV PD\ TXLFNO\ OHDG WR H[FHVVLYH
WKHUPDO ORDG DW WKH JURXQG VXUIDFH FKDUDFWHUL]HG E\ KLJK
FRQWDFW ]RQH WHPSHUDWXUHV DQG FRQVHTXHQW VLJQLILFDQW WHQVLOH
WDQJHQWLDO UHVLGXDO VWUHVVHV 2Q WKH RSSRVLWH ORQJHU FRQWDFW
WLPHV PRVW SUREDEO\ VXSSRUW KHDW FRQGXFWLRQ LQ WKH QRUPDO
GLUHFWLRQWRWKHJURXQGVXUIDFHDVZHOODVWKHKHDWFRQGXFWLRQ
WRWKHZRUNSLHFHPDWHULDOUHPRYHGE\WKHDGYDQFLQJJULQGLQJ
ZKHHO 7KLV UHGXFHV WKH UHVXOWLQJ FRQWDFW ]RQH WHPSHUDWXUH
7KXVFRQWDFW]RQHWHPSHUDWXUHVUHPDLQUHODWLYHO\ ORZZKLFK
IDYRUVFRPSUHVVLYHWDQJHQWLDOUHVLGXDOVWUHVVHVWRRFFXU
 5HJUHVVLRQPRGHOIRUı5(6
$IWHUSHUIRUPLQJWKHUHJUHVVLRQDQDO\VLVRIı5(6FRPELQHG
ZLWKIROORZLQJVWDWLVWLFDOVLJQLILFDQFHWHVWVDFFRUGLQJ WR>@
LWZDVIRXQGWKDWı5(6PD\EHUHOLDEO\SUHGLFWHGE\XVLQJ7PD[
DQG ǻW FRPELQHG ZLWK WKH VSHFLILF JULQGLQJ SRZHU 3FƎ
FDOFXODWHGDV
௖ܲᇳ ൌ ௖݈ܲ௚ ȉ ݒ௙௧

$QDO\]LQJ HIIHFWV RI WKHVH YDULDEOHV FRPELQHG ZLWK WKHLU
LQWHUDFWLRQVFRQVHTXHQWO\OHGWRWKHIROORZLQJH[SUHVVLRQ
ߪோாௌ ൌ െ͵͹ʹǤ͸Ͷ െ ͷ͵͸Ǥͳ͹ ȉ ሺοݐ െ ͲǤ͵ͺሻ െ
െ͵ͺǤͶͶ ȉ ൫ ௖̶ܲ െ ʹͷǤͻͺ൯ ȉ ሺοݐ െ ͲǤ͵ͺሻ ൅ ͲǤͷͷ ȉ
ȉ ሺ ௠ܶ௔௫ െ Ͷ͵͵Ǥͷ͸ሻ

,QGLYLGXDOUHJUHVVLRQFRHIILFLHQWVWRJHWKHUZLWKWKHLU
FRQILGHQFH LQWHUYDOVDQGVWDQGDUGGHYLDWLRQVDUHSUHVHQWHG LQ
WDEOH
7DEOH3URSHUWLHVRIWKHUHJUHVVLRQPRGHOIRUı5(6
(IIHFW &RHIILFLHQW
HVWLPDWH
/RZHU

8SSHU

6WDQGDUG
GHYLDWLRQ
,QWHUFHSWLQ03D    
ǻWLQV    
3FƎ·ǻWLQ-PP    
7PD[LQ&    
7KH UHJUHVVLRQ PRGHO IRU ı5(6 LV FKDUDFWHUL]HG E\ LWV
GHWHUPLQDWLRQ FRHIILFLHQW 5    DQG HUURU  03D RI
SUHGLFWHG ı5(6YDOXHV 1HJDWLYH YDOXHV RI UHJUHVVLRQ
FRHIILFLHQWVFRUUHVSRQGLQJWRǻWDQG3FƎ·ǻWLQGLFDWHWKDWWKH
PHFKDQLFDO LPSDFW GXULQJ JULQGLQJ PD\ EH VXSSRUWHG E\
LQFUHDVLQJ VXUIDFHUHODWHG VSHFLILF JULQGLQJ HQHUJ\ DW ORQJHU
FRQWDFW WLPHV ZKHUHE\ FRQWDFW ]RQH WHPSHUDWXUHV VKRXOG
UHPDLQDVORZDVSRVVLEOH
 )LUVWDSSURDFKWRSORWWKH3FƎ±ǻWGLDJUDP
,QRUGHUWRGUDZWKHVRXJKW3FƎ±ǻWGLDJUDPZLWKLQFOXGHG
YDOXHVRIXZDQGı5(6FDOFXODWHGYDOXHVRIXZIURP)LJZHUH
FRPELQHG ZLWK SUHGLFWHG ı5(6YDOXHV DFFRUGLQJ WR HTXDWLRQ
 &RQVHTXHQWO\ DUHDV RI FKDUDFWHULVWLF ı5(6YDOXHV DQG
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XZYDOXHVZHUHLGHQWLILHG)LJ
)LJ$UHDVRIı5(6DQGXZLQ3FƎ±ǻWGLDJUDP
,WFDQEHVHHQWKDWLQFUHDVLQJWKHUPDOGDPDJHRIZRUNSLHFH
VXUIDFH OD\HU FRUUHVSRQGV WR KLJKHU VSHFLILF JULQGLQJ SRZHU
DQG VKRUWHU FRQWDFW WLPHV 2Q WKH RSSRVLWH ORQJHU FRQWDFW
WLPHVPD\ UHGXFHXZ E\ LQFUHDVLQJSDUWLWLRQRI WRWDO VSHFLILF
HQHUJ\ WUDQVSRUWHG DZD\ E\ FKLSV DQG JULQGLQJ IOXLG 7KLV
FRQVHTXHQWO\UHGXFHV WKHUHVXOWLQJFRQWDFW]RQH WHPSHUDWXUHV
DQG VXSSRUWV WKHPHFKDQLFDO LPSDFW GXULQJ JULQGLQJ OHDGLQJ
WRGHVLUHGFRPSUHVVLYHWDQJHQWLDOUHVLGXDOVWUHVVHV
7RJHWKHUZLWKWKHUHJUHVVLRQPRGHOVIRU7PD[DQGı5(6WKH
3FƎ ± ǻW GLDJUDP VKRZQ KHUH PD\ EH DSSOLHG WR LPSURYH
H[LVWLQJSURFHVVOD\RXWE\WDNLQJLQWRDFFRXQWDPRUHSUHFLVH
FRQVLGHUDWLRQ RI WKHUPDO OLPLWV RQ WKH VLGH RI WKHZRUNSLHFH
PDGHIURP0Q&U9+5&7KLVHQDEOHV LQSURFHVV
FRQWURO RI WKHUPDO LPSDFW GXULQJ JULQGLQJ DQG SUHGLFWLRQ RI
VXEVHTXHQW VXUIDFH DQG VXEVXUIDFH SURSHUWLHV RI WKH
ZRUNSLHFH ,QDGGLWLRQ LW LVSRVVLEOH WRRSWLPL]H WKHVSHFLILF
HQHUJ\ H[SHQGLWXUH UHTXLUHG WR UHDFK GHVLUHG WDQJHQWLDO
UHVLGXDOVWUHVVHVDWWKHZRUNSLHFHVXUIDFH7KHVHDUHSUHGLFWHG
RQO\E\HYDOXDWLQJ3FƎZLWKUHJDUGWRFRUUHVSRQGLQJYDOXHVRI
ǻW ZLWKRXW FRVWLQWHQVLYH DQDO\VLV RI WKH ZRUNSLHFH VXUIDFH
OD\HUDIWHUJULQGLQJ
5. Summary and outlook 
'HYHORSHG UHJUHVVLRQ PRGHOV WRJHWKHU ZLWK WKH 3FƎ ± ǻW
GLDJUDPSUHVHQW DQ HIIHFWLYH WRRO WRSUHGLFW UHVXOWLQJ VXUIDFH
DQGVXEVXUIDFHSURSHUWLHVRI WKHZRUNSLHFHDIWHUJULQGLQJ ,Q
RUGHUWRLPSURYHWKHUHOLDELOLW\RISUHGLFWHGWDQJHQWLDOUHVLGXDO
VWUHVVHV DQ DGGLWLRQDO UHJUHVVLRQ PRGHO IRU 7PD[ ZDV
VSHFLILHG 7KLV UHJUHVVLRQ PRGHO ZRUNV ZLWK D GDWD EDVLV
ZKLFK LV DYDLODEOH LQ LQGXVWULDO SUDFWLFH +RZHYHU LW LV
QHFHVVDU\WRFRQVLGHUWKHOLPLWLQJLPSDFWRIIXUWKHUPDFKLQLQJ
SDUDPHWHUVHJGUHVVLQJDQGFRROLQJFRQGLWLRQVZKLFKPD\
KDYH D VLJQLILFDQW HIIHFW RQ WKH UHVXOWLQJ DGHTXDF\ RI ERWK
UHJUHVVLRQ PRGHOV 7KHVH PDFKLQLQJ SDUDPHWHUV PD\ EH
LQFOXGHG LQ WKH SURSRVHG UHJUHVVLRQ PRGHOV E\ DGGLQJ
DGGLWLRQDOYDULDEOHVDQGLQYHVWLJDWLQJWKHLULPSDFWRQ7PD[
)XWXUH LQYHVWLJDWLRQV ZLOO EH IRFXVHG RQ WKH GHVFULEHG
LPSDFWV RQ 7PD[ DV ZHOO DV RQ WKH FRPSDULVRQ RI YDULRXV
JULQGLQJ SURFHVV NLQHPDWLFV H J H[WHUQDO F\OLQGULFDO
JULQGLQJ VXUIDFH JULQGLQJ DQG YDULRXV JULQGLQJ ZKHHO
VSHFLILFDWLRQV)XUWKHUPRUHIXWXUHZRUNZLOODLPDWUHSODFLQJ
WKHUHJUHVVLRQPRGHOVE\SK\VLFDOO\EDVHGPRGHOVZKLFKPDS
SURFHVV TXDQWLWLHV WR LQWHUQDO PDWHULDO ORDGV DQG UHVXOWLQJ
PDWHULDOPRGLILFDWLRQV7KLVLVH[SHFWHGWRLQFUHDVHWKHH[WHQW
RIYDOLGLW\DVZHOODVWKHVFRSHRIDSSOLFDWLRQRIWKHSUHVHQWHG
DSSURDFK
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